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ABSTRACT

In this study, numerical and physical modeling were carried out to
analyze seismic characteristics of gas hydrate with field data acquired in
the East sea in 1998. A 2-D staggered grid finite difference seismic
method was used to generate synthetic seismograms for multi-channel
seismic survey, OBC(Ocean Bottom Cable) and VCS(Vertical Cable
Seismic). We developed the seismic physical modeling system which
simulates an environment of deep sea. and we acquired the seismic data
for the various source-receiver geometry with a multi-channel seismic
survey and deep tow survey. Seismic complex analysis and
AVO(Amplitude Versus Offset) were applied to the obtained data.

The results of this study showed that the method using staggered grid
yvielded stable results and could be used to seismic imaging. The seismic
properties of the modeling material agreed with the seismic velocities
estimated from traveltimes of reflection events. Also the high amplitude and
the phase reversal of reflections were confirmed at the interface between gas
hydrate and free gas called BSR(Bottom Simulating Reflector) which is the
evidence for existence of gas hydrate in seismic reflection data. In the
reflection strength profile generated by seismic complex analysis, we could
easily observe the amplitude variation corresponding to offset distance. Also
the reflection coefficients acquired from the seismic modeling were in a good
agreement with the reflection coefficients obtained by Shuey’s equation for

AVO analysis.



Key words : gas hydrate, seismic physical modeling, seismic numerical
modeling, seismic complex analysis, AVO(Amplitude Versus Offset)
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Fig. 1. (a) A horizontal three layered model. The symbol *
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Fig. 9. (a) A horizontal three layered model for VCS survey.
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Fig

. 9. (b) A horizontal five layered model for VCS survey.
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Fig. 10. Synthetic seismogram obtained from the

model shown in Fig. 9 (a).
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Fig. 11. Synthetic seismogram obtained from the

model shown in Fig. 9 (b).
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Fig. 12. Diagram of the seismic physical modeling system.
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Fig. 13. (a) Radial pattern of 280 KHz spherical transducer

and (b) frequency spectrum.
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Fig. 14. (a) Signal waveform of 1 MHz transducer and (b)

frequency spectrum.
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Fig. 15. Photography of water tank.
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Az B £r5 FA4stR o AAAZS o] 86t AR W=
a3tk Fig. 162 7z A5 9 Pyt Sxagz s et Zolm 24 A= Pt £
Lo} WX+ Table 29 2tk ABST A 749 1624 m/s® 1.304 g/cn &= L} E}
wow ofad A= 2281 m/s, 1.195 g/anol™ EZglolEd &A= 2245 m/s,
0935 g/cr o & =45 ).

Table 2. Materials and their physical parameters used in physical

modeling.
Material Vp(m/s) p(g/cm)
Acrylic 2281 1.195
Polyethylene 2245 0.935
ABS 1624 1.033
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Fig. 17. (a) P-wave velocities and (b) densities of horizontal three layered model.
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Fig. 18. (a) P-wave velocities and (b) densities of horizontal five layered model.
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Fig. 19. (a) The geometry of multi-channel seismic survey
for horizontal three layered model(Water, Polyethylene, and
Acrylic). The distances were scaled 1:10000(Ilmm=10m) for

the experiment.
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Fig. 19. (b) The geometry of multi-channel seismic survey

for horizontal five layered model(Water, Polyethylene, Acrylic,
ABS, and Acrylic).
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Fig. 20. (a) Multi-channel common shot gather data for horizontal three layered

model, (b) A trace of channel No. 150.

Distance(mm)
o] 50 100 150 200 250 300
| |

"
e}
& 250
— R1
300 \ /52
350 = = ." 7 —— = — — STaas
400 R3/ M \4 :
R4
1450 K

500

_26_



ta Direct Wave R1 R2 R3 R4

0.8 —

e WVW M

04 —|

Amplitude

08 —

12 ' I I ' I ' I ' \
o0 100 200 300 400 500
Time{S)

(b)
Fig. 21. (a) Multi-channel common shot gather data for horizontal five layered

model, (b) A trace of channel No. 30.
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Fig. 22. (a) The geometry of Deep tow(receiver) seismic

survey for horizontal three layered model(Water, Polyethylene,

and Acrylic).

Receiver
= 20mm [+
200mm
—P imm
50mm
[ Polyethylene 20mm § |
Acrylic 20mm
Acrylic 50mm

Fig. 22. (b) The geometry of Deep tow(receiver) seismic
survey for horizontal five layered model(Water, Polyethylene,

Acrylic, ABS and Acrylic).
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Fig. 23. (a) Deep tow(receiver) seismic common shot gather data for horizontal

three layered model, (b) A trace of channel No. 80.
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Fig. 25. (a) The geometry of Deep tow(source - receiver)
survey for horizontal three layered model(Water, Polyethylene

and Acrylic).
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Fig. 25. (b) The geometry of Deep tow(source - receiver)

survey for horizontal five layered model(Water, Polyethylene,

Acrylic, ABS and Acrylic).
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Fig. 26. (a) Deep tow(source - receiver) survey common shot gather data for

horizontal three layered model, (b) A trace of channel No. 1.
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Fig. 27. (a) Deep tow(source - receiver) survey common shot gather data for

horizontal five layered model, (b) A trace of channel No. 30.

_34_



bol @At WAL AR

)

Fig. 283 #o] HE 3 o] o

o))
_T
~
‘mmo
]

b

% 300 mm ©]

ol

]

imm

-+ 20mm |+

Water

200mm

20mm

50mm

Acrylic

20mm

Roliclicns

Fig. 28. The geometry of pinch-out model.

2 F (CDP sorting)

Al A
“a na

331 &

;O.ﬁ

<7

o)
H
Bl
an

=N

7o
my

—

X

—

N

ol

Nfo
el
i
wf

el

Ho

ol

|
b
]

i)
el
sl
Mo

Al 71 A]

CDP 110091 4 16007}#] CDP 200 7+

N

el
op

_35_



1T=>00 1500

1100

s50 |

1 00—
1 50—

BOO —e—

=50

00—
_as0

Fig. 29. CDP gathers from 1100 to 1500 every 200 steps. Here

horizontal direction shows CDP number.

o
o
Il

o
il
b
A4r
>
F
o

yvzel

X
pul

qr
ok

Nlo
w

To
e
Bl

w
o

S
i

T
<A
Mo

Mo

#F 5 A 2] 24 ol A

el
oy
<
i

A4r

==
"o

4
e
N
el
<R
Mo

%R

—

571¢] &
}it}. Fig. 30

)

-
L

of & AT-ellA

7] <

)

48

3} ee o]

N

ol

e
o]
s
)

o

274

i

—
o
-

%)

7A
i

7ol
NF

AB}E HErd Zlolth. Fig. 30(a)et (b) =L

=Yg

2~ H
==

9 £ %
CDP 11003 CDP 1200 2] a2 CDP 130004 &=+

o3
T

g

s

NMO H
23 (c)

Al
A=

Ave

ks

S|
ax

1
.

N

oy
)AO

AL
o°

o
=

b
Ar

|

H

_36_



Yeloofty Velocty Velocty
1500 2000 2300 3000 3500 4000 4500 AO0D 5500 GO0 1000 1500 2000 2500 3000 3AA0 4000 4500 00D AAOD OO0 1000 1500 2000 2500 3000 3G00 4000 4500 00D AAOD OO0
G = 14 e - ] =

1 o ; P =

=

(a) (b) (c)
Fig. 30. (a)-(c) are the result of velocity analysis as CDP 1100, 1300 and
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Fig. 33. Result of the complex analysis for Fig. 20.

(a) Reflection strength, (b)Instantaneous phase and

(c)Instantaneous frequency.
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Fig. 34. Result of the complex analysis for Fig. 21.
(a) Reflection strength, (b)Instantaneous phase and

(c)Instantaneous frequency.
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Fig. 35. Reflection strength section of common shot
gather data for Deep tow(receiver) survey. (a) the
horizontal three-layered model and (b) the horizontal

five-layered model.
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Fig. 36. Amplitude variation versus incident angle at (a) the interface
between sediment and gas hydrate, (b) the interface between gas
hydrate and free gas, and (c) the interface between free gas and
sediment. Solid line represents the theoretically estimated coefficients,
and circle(O) indicates relative amplitudes obtained in numerical

modeling data.
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Fig. 37. Amplitude variation versus incident angle at (a) the interface
between polyethylene sheet and upper acrylic sheet, (b) the interface
between upper acrylic sheet and ABS sheet, and (c) the interface
between ABS sheet and lower acrylic sheet. Solid line represents the
theoretically estimated coefficients, and circle(O) indicates relative

amplitudes obtained in physical modeling data.

_50_



< 1@ X o) o W %N
U ) -
woN AR olJ T OBE do B ww_ Moo {4
ﬂ ;IJVl m_K LE ﬂA_.O ﬂ.OI =T U‘..# N —_ IH.NH ,I__/l
o = ™ X NOX s )
DB A ke X N T
Mo op w o T <
e () o] T ® o M oy
ﬂgwi mwww AU%ﬂmﬂ Mo X
<A © — oR =
S ~ T o mu WW o B s E =
g oo _ 5 2 ° =
~5 o] ™ T AT ol & ) = Mur = =
O o B o= B o W T
° ok o HT
of W AT E ‘HU = ‘Ul N o By
£ — = V) g 10 S ~— oy —— - °
o X & ORI = N B o N~
= o Mo ol 70 > % ﬁ " = { ~3
w R 7 o o T e W
—_ gt HE C_ - B EI
= X K i — <° el
. i g o s up 75 -
oMo X x = o U T ox oM b
= ) a_%wﬂ inowrw %ﬁo
<N e 2 ok = o o S
= M © il ~ it w2
2o W @ " ™ B oy B
— 2 o) n T — ol T <
o) ~ T s O 2 ~ ‘A..# T fac E
To R o ' = W o i
A = =5 ° £ M o
o N TR m = A R = 0
_ E#E ~ S ~X ;In_ﬂ _ZTv
feog T T & T o o N mo ©° W = B
I S S I a A
= i+ < Lo o= W = B ™
ny — A = W o X o —
i) < O S B ) = = A X
o= - = o = S Lo
o N5 o o %o ™o o G Y = 2
o o= o W 8 = = M do ) < - Z
=R g 0 R B - M
< mpou < S = T E oA o
OO CI T E A Mo Ao @
—_ — pat No
X o Mo 5 o

- 51 -



ukAb el 9]

}

0]
“

Folel 9

o

jate]

o

a]
i

ol

—

5
=
_ZMO
B

ol

W, 22, NMORAAA S 714

H

s
=

Mo

<0

el
<
i

mﬂ

)
-
ar

s
o
o

el
o
0
o
™M
X4
N

2

sl

)

7}

i

0]
“

.

)

o] &

o

=

A

Al %13 Shuey ] AR o <]

st 2™, Shuey?

)

d ]

[e])]

A €

st

WAA S ghol

o] &l

l

X

R

o

1

.

0]
hal

323

&4 5} A}

bol of

9

1l 22 71 of] A] €]

HA 4

o]

9

7.4
A
ol o

o
o
o

vze)
N
O
o
)

o

vze)

o

o
4

)
e

o
oF
oy
sl
o
s
™
4
N

_WuT

AL
o

_52_



W oEge QAT Bl U FARY Ao o Fo e} sy AZH ),

_53_



=

ETAE G |

AB, NS A, 1997, Staggered GridE o 43 f @Ry w4 )
A, g 2383 A, Vol. 34, pp. 2168-174.
NAE A

dAd, dFA, 2001, 3x ®ATEAL 2EHA

5t3] %] Vol. 37, pp. 213-223.

7], 2005 7F2slol=golE 7] %

pp. 206-213.

Andreassen, K. Hart, E. H. and MacKay, M. 1997, Amplitude versus
offset modeling of the bottom simulation reflection associated with

submarine gas hydrate, Marine Geology, pp. 25-40.

Ecker, C,,

1998, Seissmic characterization of methane hydrate structure,
Stanford Exploration Project(1/21/1998).

Krail, P.M., 1994, Vertical cables as a subsalt imaging tool, The Leading
Edge, Vol. 48, pp. 885-887.

_54_



Kvenvolden, K.A., and Barnard, L.A., 1983, Gas hydrate of the Blake Ridge
Outer Ridge, Site 533, Deep Sea Drilling Project Leg 76, In Sheridan
R. E. and Gradstein F.W. et al. eds., Initial Report, DSDP 76, U.S
Government Printing Office, Washington, D.C., pp. 353-365.

Makogon, Y.F., 1997, Hydrate of hydrocarbon, PeenWellPubl, Tulsa,
Oklahoma, US., pp. 482.

Ostrander, W.F., 1984, Plane wave reflection coefficients for gas sands at

nonnormal angles of incidence, Geophysics, Vol. 49, pp. 1637-1648

Pearson, C.F., Halleck, P.M., McGulre, P.L., Hermes, R. and Mathews, M.,
1983, Natural gas hydrate : a review of in YA properties, J. Phys.
Chem., Vol. 87, pp. 4180-4185.

Shipley, T.H., Houstion, M.H., Buffler, R.T., Shaub, F.J., McMilen, K.J.,
Ladd, J.W. and Worzel, J.L., 1979, “Seismic evidence for widespread
possible gas hydrate horizons continental slopes and rises”, AAPG

GeoBull., Vol. 63, pp. 2204-2213.

Shuey, R.T., 1985, A simplification of Zoeppritz equations, Geophysics, Vol.
50, pp. 609-614.

Stewart, R.R and Cheadle, S.P., 1989, Ultrasonic modeling of borehole

seismic survey, CREWES Research Report.

_55_



Tarner, M.T., and Sheriff, R.E., 1977, Application of amplitude, frequency,
and other attributes to stratigraphic and hydrocarbon exploration,
C.E. Payton Ed., AAPG Memoir 26, Tulsa, Am. Assn. Petroleum
Geologysts, pp. 301-327.

Vogel, J.A., Stelwagen, U., and Breeuwer, R., 1985, Seismic analysis of thin
beds aided by 3D physical model experiments, Pro. of the 14th

international Symposium of Acoustical Imaging, Vol. 14, pp. 53-67

Zoeppritz, K., 1919, Erdbebenwellen VIIIB, On the reflection and

propagation of seismic waves, Gottinger Nachrichten, pp. 66-84.

_56_



A 2

59 A}

It
i

1

Be

o] ®ok7]el

7
T

ki3

- Bx
= T =

7t

Y

c‘)l_

5

oy

Tor

4
o)

B
W

oy
ofn

aig

WA =zl &4 77

o

X
of
W

&
B

Nfo
on
!
e

—

O
o

Gy,

I 2dE oA FoME ol A Aol HAE =8, =

<R
=

=0
_lmo

,_ﬂo

tf, & olel

=l

sl

Tor
Mo

B

ul
5

e
3l

T
el

ol

B
b

!

= |=]
FA HF R

=
=

]

7
A7t HeE el A gAt

b 2l st g

)

=
=

ol & oA Sol T A5 subeh

ol Al AL

=
=

2]

o

g A Ao

s

ol

2]

Aol Al A

bibstel gl o 4

©

p=gicii=

_57_



	1.  서  론
	2.  탄성파 수치모형실험
	2.1 이론 및 방법
	2.2 탄성파 수치모형실험의 적용
	2.1.1다중채널 탄성파 탐사자료
	2.1.2OBC(Ocean Bottom Cable) 탐사자료
	2.1.3VCS(Vertical Csble Seismic) 탐사자료


	3.  탄성파 축소모형실험
	3.1 축소모형실험장치 구성
	3.2 수평 모델
	3.2.1다중채널 탄성파 탐사자료
	3.2.2Deep tow(수진기) 탐사자료
	3.2.3Deep tow(음원ㆍ수진기) 탐사자료

	3.3 첨멸층 모델
	3.3.1공심점 분류
	3.3.2속도분석
	3.3.3중합단면도


	4.탄성파 복소분석 및 진폭특성
	4.1 탄성파 복소분석
	4.1.1순간 진폭(Reflection Strength)
	4.1.2순간 위상(Instantaneous Phase)
	4.1.3순간 주파수(Instantaneous Frequency)

	4.2 입사각에 따른 반사파 진폭특성

	5.  결  론
	참 고 문 헌

